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Purpose: The purpose of this study was to determine the essential factors for prompt 

arrangement of angio-embolization in patients with pelvic ring fractures. 

methods: A total of 62 patients with pelvic ring fractures who underwent angio- 

embolization in Dankook University Hospital from March 2013 to June 2018 were ret-

rospectively reviewed. There were 38 men and 24 women with a mean age of 59.8 years. 

The types of pelvic ring fractures were categorized according to the Tile classification. 

Patient variables included sex, initial hemoglobin concentration, initial systolic blood 

pressure, transfused packed red blood cells within 24 hours, Injury Severity Score (ISS), 

mortality rate, length of hospital stay, and time to angio-embolization. 

results: The most common pelvic fracture pattern was Tile type B (n=34, 54.8%). The 

mean ISS was 27.3±10.9 with 50% having an ISS ≥25. The mean time to angio-embo-

lization from arrival was 173.6±89 minutes. Type B (180.1±72.3 minutes) and type C 

fractures (174.7±91.3 minutes) required more time to angio-embolization than type A 

fractures (156.6±123 minutes). True arterial bleeding was identified in types A (35.7%), 

B (64.7%), and C (71.4%).

Conclusions: It is important to save time to reach the angio-embolization room in 

treating patients with pelvic bone fractures. Trauma surgeons need to consider prompt 

arrangement of angio-embolization when encountering Tile type B or C pelvic frac-

tures due to the high risk of true arterial bleeding.
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INTRODUCTION

The management of pelvic fractures is significantly chal-

lenging for trauma surgeons in terms of life-threatening 

and functional outcomes. Even though advanced care, 

such as improvement of resuscitation algorithm, skeletal 

fixation, and critical care monitoring, has increased survival 

rate of these severely injured patients, the mortality rate 

is still significantly high [1]. Trauma patients with pelvic 

fractures are at risk of substantial hemorrhage, which can 

lead to a dreadful and fatal conditions. Mortality rates 

could increase up to 60% [2-4]. 

A wide variety of management methods, such as appli-

cation of pelvic binder, external fixation, pelvic packing, 

and recently angio-embolization, have been suggested in 

treating patients with pelvic hemorrhage [5-7]. Basically, 

conventional measures and angio-embolization have been 

proposed as two different treatment modalities for pelvic 

hemorrhage control. Conventional measures, includ-

ing pelvic packing and external fixation, mainly control  

venous and bone bleeding. In contrast, angio-embolization 

is mainly used to control arterial hemorrhage [8]. How-

ever, there are still ongoing debates on the best treatment 

strategy for patients with pelvic hemorrhage due to a 

combination of multisystemic injury patterns. This study 

evaluated the essential factors to consider in angio-em-

bolization in treating patients with multiple traumas who 

were associated with pelvic ring fractures and retroperito-

neal bleeding. 

METHODS

Patients
After approval by the Institutional Review Board, we  

retrospectively reviewed 62 patients who were admitted 

to Dankook University Hospital and underwent angio- 

embolization for pelvic fractures from March 2013 to 

June 2018. Patients who underwent emergent operation 

including external fixation or extra-peritoneal packing 

were excluded. The exact pelvic fracture patterns were 

categorized according to the Tile classification by two  

orthopedic physicians (S.Y.K and S.G.P.) based on com-

puted tomography (CT) scan findings. Patient variables 

included age, sex, initial hemoglobin concentration, initial 

systolic blood pressure, transfused packed red blood cells 

(PRBCs) within 24 hours, Injury Severity Score (ISS), 

mortality rate, length of hospital stay, and time to angio- 

embolization. 

Initial management and process of angio-embolization 
Standard Advanced Trauma Life Support protocols were 

administered by an organized trauma team [9,10]. Initial 

assessment included standard airway, breathing, circu-

lation, and disability (neurological) survey, followed by 

careful physical examination to identify any injuries. 

Focused assessment with sonography for trauma (FAST) 

and plain radiography including the cervical spine, chest, 

and pelvis were performed in the trauma room upon  

arrival. When pelvic fractures were identified, a pelvic 

binder was applied for temporary mechanical stabilization. 

After evaluation of pelvic fracture pattern by CT scan, we 

removed binder on patients with lateral compression 

1 and 2 type. 

In accordance with the protocol of Dankook University 

Hospital, hemodynamic stabilization is the first step of 

treatment. If patients were hemodynamically unstable, 

crystalloid fluids were infused via central catheter, followed 

by PRBCs and fresh frozen plasma. When the patients 

were hemodynamically stable, they underwent contrast- 

enhanced CT scan evaluation. In case of contrast extrav-

asation and retroperitoneal hemorrhage, angio-emboli-

zation was sequentially performed. We try to super select 

vessel as many as possible under hemodynamically stable 

situation. However, if patients are hemodynamically un-

stable, entire internal iliac artery embolization could be 

done.

Statistical analysis
Statistical analysis was performed using SPSS version 

21.0 (IBM Co., Armonk, NY, USA). ANOVA was used 

to derive the p-value for categorical variables. Values are 

reported as mean±standard deviation for continuous 

variables and percentage for categorical variables. p<0.05 

were considered statistically significant.
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RESULTS 

During the study period, a total of 62 patients with pelvic 

ring fractures were admitted and underwent angio-em-

bolization. Seventeen patients were injured by traffic 

accidents, 24 by pedestrian accidents, 15 by falls, and 6 by 

crushing incidents (Table 1). The majority of the patients 

(n=34, 54.8%) had a type B fracture, 22.5% (n=14) had 

a type A fracture, and the remaining 22.5% (n=14) had 

a type C fracture (Table 2). The mean age was 59.8±4.0 

years, and the mean ISS was 27.3±10.9 with 50% having 

an ISS ≥25. The mean time to angio-embolization from 

arrival was 173.6±89 minutes. Even though, there was no 

significant difference in three groups. Types B (180.1±72.3 

minutes) and C fractures (174.7±91.3 minutes) require 

more time to angio-embolization than type A fractures 

(156.6±123 minutes). The overall mortality rate was 32% 

(n=20), with type C fractures having the highest mortality 

rate (50.0%). 

Table 3 describes the angiographically identified bleed-

ing sources according to the Tile classification. While 

35.7% of patients with type A fractures had true arterial 

bleeding, true arterial bleeding was more likely to develop 

in type B (64.7%) and C (71.4%) fractures. We could 

not find a correlation between pelvic fracture type and 

involved arterial bleeding source. However, the superior 

gluteal artery (n=14) and internal pudendal artery (n=13) 

were most frequently involved. No specific complications 

of embolization including necrosis or ischemia of tissues 

were observed.

DISCUSSION

Pelvic bone fractures tend to occur with high-energy forces,  

and patients with pelvic bone fractures are at risk of poly-

trauma, which leads to a high mortality rate [11-15]. Even 

though most vascular lesions in pelvic fractures often 

originate from veins or bone fracture site [16,17], they are 

more likely to have an arterial origin when patients are 

hemodynamically unstable [8]. In the study by Eastridge 

et al. [4], 58.7% of patients who had both unstable pelvic  

fracture and persistent hypotension showed arterial bleeding. 

Likewise, Miller et al. [18] reported that 67.9% of patients 

had arterial bleeding as a cause of persistent hemodynamic 

instability. Based on these results, the importance of the 

time to angiography and embolization is supported by 

many reports when considering angio-embolization for 

Table 1. The distribution of injury mechanisms, associated 
organ injuries, and combined fractures in other sites

Injury mechanism Value

Traffic accident 17 (27.4)

Falling accident 15 (24.1)

Pedestrian accident 24 (38.7)

Crushing injury 6 (9.6)

Values are presented as number of patients (%).

Table 2. Demographic and admission parameters, transfusion requirement and mortaliy stratified by pelvic fracture type 

All patients Type A (n=14) Type B (n=34) Type C (n=14) p-value

Age (years) 59.8 (4.0) 64.8 (4.7) 60.2 (3.0) 54.2 (4.7) 0.32

Male (%) 61.2 (38/62) 42.8 (6/14) 67.6 (23/34) 64.2 (9/14) 0.277

Initial Hb (g/dL) 9.9 (2.6) 9.6 (2.1) 10.0 (2.8) 9.8 (2.8) 0.896

Initial systolic BP (mmHg) 102.2 (29.8) 113.5 (33.9) 99.1 (27.7) 98.3 (29.9) 0.273

Transfused PRBC within 24 hours (Pint) 11.1 (1.5) 11.93 (12.0) 9.56 (9.3) 15.50 (11.4) 0.204

ISS score 27.3 (10.9) 24.2 (10.6) 25.5 (9.2) 34.7 (12.4) 0.012

Mortality (%) 32 29 26 50 0.279

Length of hospital stay (days) 38.5 (45.2) 50.2 (51.7) 37.1 (48.6) 30.3 (26.1) 0.498

Time to angio-embolization (minutes) 173.6 (89.0) 156.6 (123.0) 180.1 (72.3) 174.7 (91.3) 0.696

Values are presented as mean (standard deviation) or number unless otherwise indicated.
Hb: hemoglobin, BP: blood pressure, PRBC: packed red blood cells, ISS: Injury Severity Score.
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the management of pelvic hemorrhage [19]. According to 

Agolini et al. [20], angio-embolization should be per-

formed within 3 hours of patient admission to improve 

substantial survival rate. Hak et al. [21] demonstrated that 

survival rate improves when embolization is performed 

within 90 minutes of arrival. On the contrary, Evers et al. 

[22] showed the highest mortality rate after embolization 

(8 of 9 patients). The mean time was more than 4 hours 

from arrival to angiography. As a result, when managing 

a patient with pelvic hemorrhage, time to angiography 

is an essential factor to consider. Although nominated 

as a major trauma center, our hospital had a mean time 

of 173.6 minutes from admission to angiography, and 

mortality rate was 32%. The delay in angio-embolization 

may be due to several reasons. Severe pelvic ring injuries 

are usually accompanied by polytrauma, such as brain 

hemorrhage and hemothorax [23]. The evaluation of 

multiple vital organs includes physical examination by the 

trauma team, FAST, CT scan, and radiography (cervical 

spine, chest, and pelvis), and this process requires some 

time. After evaluation and diagnosis are confirmed, acute 

resuscitation such as intubation, central line preparation, 

chest-tube insertion, or even resuscitative endovascular  

balloon occlusion of the aorta prolonged the time to angio- 

embolization. 

Based on the Tile classification, pelvic fractures can be 

divided into types A (stable), B (vertically stable, rotation-

ally unstable), and C (vertically and rotationally unstable). 

Hauschild et al. [24] reported no significant statistical 

relation between the Tile classification and embolization. 

However, in the study of Barentsz et al. [25] 14 of 19 patients 

(74%) who underwent embolization had Tile type C 

fractures, and three patients who died had Tile type C 

fractures. Wong et al. [26] concluded that severe pelvic 

hemorrhage with injury to the internal iliac artery is fre-

quently found in patients with Tile type C fractures. Due 

to the proximity of the superior gluteal artery, fractures 

around the sciatic notch are more likely to result in arte-

rial bleeding [19]. Widening of the symphysis pubis may 

indicate an increased risk of arterial injury [27]. Howev-

er, multiple studies have shown no correlation between 

pelvic fractures and hemorrhage [28]. In the absence of 

pelvic fracture, arterial bleeding from the superior glu-

teal artery has been noted, and patients with seemingly 

low risk of pelvic fractures demonstrated exsanguinating 

hemorrhage. In our study, among 62 fractures classified 

according to the Tile classification, those with Tile types B 

(64.7%) and C (71.4%) were more likely to have arterial 

bleeding source. As reviewed in other studies, there was 

no significant correlation between fracture type and in-

Table 3. According to fracture pattern, showing bleeding source and true arterial bleeding percentage

Pelvic fracture type (Tile) No bleeding focus Bleeding source Arterial bleeding

A (n=14) 9 Superior gluteal (n=2)
Branch of internal iliac (n=1)
Inferior epigastric (n=1)
Iliolumbar (n=1)

35.7% (5/14)

B (n=34) 12 Superior gluteal (n=9)
Iliolumbar (n=1)
Inferior gluteal (n=3)
Branch of interal iliac (n=4)
Obturator (n=5)
Internal pudendal (n=12)
lateral sacral (n=1)

64.7% (22/34)

C (n=14) 4 Superior gluteal (n=2)
Inferior gluteal (n=2)
Branch of internal iliac (n=4)
Internal pudendal (n=1)

71.4% (10/14)

p-value 0.118
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jured artery. 

The decision to use angiography depends on several fac-

tors that include vital signs, continuous need for resusci-

tation, clinical scenario, and angiographer availability [29]. 

Although similar algorithms and guidelines are presented 

in many institutions, there is still no standard protocol for 

the use of angiography. Suspected pelvic arterial bleed-

ing is the basic indication of angiography. When signs of 

shock are noted in patients, securing the airway and start-

ing resuscitation should immediately be performed. Fail-

ure of resuscitative fluid use is an indication of possible 

hemorrhage investigation. Tanizaki et al. [30] considered 

hemodynamic instability on admission, which is defined 

as <90 mmHg systolic blood pressure after infusion of 2 L 

lactated Ringer’s solution and initiation of PRBCs, as an 

indication of angiography. As mentioned previously, time 

to angiography is one of the most important factors of 

survival in pelvic hemorrhage. If a patient admitted to the 

ER has hemodynamic instability and Tile pelvic fracture 

types more than B or C, trauma surgeons should always 

consider arranging angiography as soon as possible.

The limitations of our study are the small number 

of cases, its retrospective design, and no comparison 

between patients with pelvic fractures who underwent 

emergency surgery and conservative treatment. However, 

we conclude that our study contributes to establishing 

the importance of reducing the time to angiography and  

predicting factors before angiography.

CONCLUSION

Pelvic fractures associated with arterial bleeding can be 

effectively treated by angio-embolization. Even though, 

mortality rate and time to angio-embolization had no sig-

nificant difference in our results. Our study gives message 

that more than 173.6 minutes to angio-embolization do 

not make any difference in survival rate even considering 

pelvis fracture type. Since many studies reported that 

time to angio-embolization from arrival affects mortality 

rate, emphasizing the importance to minimize the time to  

angio-embolization when treating a patient with true arterial 

pelvic hemorrhage cannot be overstated. Even though a 

statistically significant correlation between pelvic fracture 

type and existence of true arterial bleeding is not yet proven, 

surgeons should consider saving time for arrangement 

of angio-embolization in patients with pelvic fractures of 

Tile types more than B or C to improve the prognosis. 
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